ABSTRACT
System (Sierra Nevada).
26
In order to explore the changes in the timing of the snow-melting spring pulses, a number of 27 indices were calculated from the daily streamflow series, following various approaches not always be representative of the spring peak in most rivers (PC1 and PC2), as they present 4 an earlier peak in winter. Therefore, for ensuring that we pinpoint the water mass of the 5 spring pulse in all the studied rivers, besides the D50M we calculated the D75M and the 6 D90M, which represent the Julian days in which 75% and 90% of annual streamflow occurs, 7 respectively. The latter (D90M) can be considered a measure of how late in the year the day in which the cumulative streamflow anomaly (departure from the average) for the year is 16 most negative, which represent the day after which most of the streamflows are above the 17 average of the year. However, this only works for rivers that stay dormant during the winter, 18 and experience a drastic change to active high-flows as a result of snowmelt. Because of this, 
6
Although primarily developed for modeling crops and managed watersheds, SWAT has been 7 continuously updated and successfully applied for modeling hydrological processes in high routing or physical equations, we refer to the original documentation (Neitsch et al. 2005 ).
11
Input data (source) necessary for model building included: digital elevation model, land cover indicate a worse performance of the Ésera model. Despite this lower value of NSE for Ésera, 4 we can observe in Figure 3 that the seasonal dynamics of the flows are well captured for the 5 model in both rivers, thus it is considered suitable for performing runs under climate change 6 scenarios.
7
The climate change scenarios were created for the 2050 time horizon. For this, we used the the following sections we focus our analyses on D75M and DSM as they appear to be the which indicates that elevation is not a factor that affects the trends in streamflow timing.
The main hypothesis of this work is that any shift towards earlier spring flows must be 1 associated with a decrease in the snowfall/precipitation ratio, as well as an earlier onset of 2 snowmelt; both processes are closely linked with increasing temperatures. Figure 7 shows the calibration. Figure 9 shows that the model is also capturing the trends and variability of the 
). As previously observed in the calibration section (Fig. 3) Ésera river (Figure 10b ) the magnitude and duration of streamflow changes are larger than in category than then rest of studied rivers.
26
In Table 4a we show the changes in the two hydrological indices (D75M and DSM) for the and DSM. In Table 4b we observe as well the ratios snowfall/rainfall and 7 snowmelt/streamflow, and see how they decrease as temperatures increase. 
DISCUSSION AND CONCLUSIONS

11
We present the first comprehensive study of changes in streamflow timing in mountainous one river in every high-elevation mountain chain was studied. As trends in seasonal river discharges have been already studied in the aforementioned works, we focused here on 1 changes in the timing of streamflow based on daily statistics that gave an idea of how the 2 snow-derived peakflows change on time. In general, the timing indices show negative trends 3 during the studied period, which means that the spring peak derived from snow-melting is 4 either losing relevance with respect to winter flows, or is shifting earlier in time. However, 5 some of the indices present inhomogeneous signal among cases, thus we focused our analysis 6 on those that presented less variability (D75M and DSM). In the majority of cases the 7 observed shift accounts for more than 8 days/decade, i.e. 4 weeks during the studied period.
8
Not all these trends are, however, significant at the 95% confidence level, especially for The second objective of this paper was to perform hydrological simulations under projected 6 temperature increase, in order to quantify changes in streamflow timing for the 2050 time horizon. This was done using the SWAT model and only for two of the studied rivers, given in temperature (see Table 2 ) the decrease in the amount of snow in the pluvial-snow river
22
(Curueño) is, in relative terms, larger than for the snow-dominated river (Ésera). This can be is more important in the former (45%) than in the latter (40%).
3
It must be stressed that the projected changes in streamflow timing should only be considered 
15
A major problem in the driest areas of Spain is the critical low volume of water in rivers at 16 the end of the hydrological year (late summer), due to climatologic and water demand causes.
17
Many reservoirs were built during the second half of the 20 th century to overcome this 
